Abstract. Using HST archive observations for three disk galaxies at redshifts ζ = 0.15, 0.90 and 0.99, and the astronomical data processing system IRAF/STSDAS, we derived their surface brightness profiles. Derived luminosity distributions were reduced to standard V and I magnitudes. After corrections for cosmological distortion (Incorrection), the surface brightness profiles in a galactic rest-frame Β color were obtained. Using a two-component (bulge plus disk) approximation, parameters for the bulge and the disk components were calculated. We noted that for all the three galaxies the best-fit models for the disk decrease with radius faster than exponentially.
INTRODUCTION
The structure and mass distribution of stellar populations and the discrimination between visible and dark matter in very distant galaxies are still known with insufficient accuracy. However, precise observations with the Hubble Space Telescope have made possible investigations of the general morphological evolution of galaxies at intermediate and high redshifts (Smail et al. 1997 , Andreon et al. 1997 , Lubin et al. 1998 .
Several statistical correlations have been determined in clusters at redshifts ζ = 0.3 -0.9. Stanford et al. (1998) and van Dokkum et al. (2000) have determined the color-magnitude diagram; Ziegler et al. (1999) have studied Kormendy's relation (Kormendy 1977) . More sophisticated correlation parameters for elliptical galaxies, the Fundamental Plane parameters, were determined by van Dokkum & Franx (1996) and Treu et al. (1999) .
At intermediate redshifts the surface brightness distribution of early-type galaxies has been derived by several groups. In most cases the measured brightness distributions were modeled with the spherical bulge (r 1 / 4 or Sersic law) and the disk (exponential law) (Schmidtke et al. 1997 , Ziegler et al. 1999 , Ratnatunga et al. 1999 , Schade et al. 1999 , Saglia et al. 2000 .
However, in these models the cosmological k-correction was taken into account only approximately and thus a direct comparison of the resulting model parameters with the corresponding local galactic parameters is not very reliable. Furthermore, limiting the density distribution of disks with the exponential law makes models less flexible.
In the present paper we derive the surface brightness distribution of distant disk galaxies in I and V colors. The derived surface brightness distributions were deconvolved in central regions and kcorrected from cosmological expansion. As a result 5-color surface brightness distribution in the galactic rest-frame is obtained.
Our aim is further to investigate both the light distribution and the mass distribution in distant galaxies. At present kinematical information has been considered only as a central velocity dispersion for elliptical galaxies in Fundamental Plane determinations (references above) or as maximum line-width of emission lines (Rix et al. 1997 , Simard & Pritchet 1998 , Schade et al. 1999 .
Rotational velocities for intermediate redshift galaxies were derived by Vogt et al. 1996 Vogt et al. , 1997 . Corresponding spectroscopic observations are from the Keck 10 m telescope. For most of the observed 17 disk galaxies it was possible to obtain only the central rising part of the rotation curve. Several remaining galaxies have irregular rotation curves. Only a few galaxies have detailed enough kinematics for constructing dynamical models.
Thus, for our analysis the galaxies had to correspond to the following criteria. Their velocity profiles had to be undisturbed and of sufficient extent. The galaxies seen nearly face-on were not suitable due to uncertainties of the inclination angle of the galactic plane. We also could not use the galaxies seen edge-on, because for these galaxies surface brightness distribution is influenced by the inter- Vogt et al. (1996) . nal absorption. As a result, we selected three galaxies for detailed modeling. General properties of these galaxies are given in Table 1 . In the last column 7 0 b s is the total apparent magnitude calculated from the surface brightness distribution. We estimated the errors of Jobs to be ±0.1 mag. In the present work Ho = 63 km/s/Mpc and go = 0.5 are considered.
OBSERVATIONS AND DATA REDUCTION
The images were retrieved from the archive of the Hubble Space Telescope. Images for galaxies were obtained with the Wide Field and Planetary Camera 2 during Cycle 5, observational programs 5090 and 5109. For processing we used pipeline-reduced images. In Table 2 we give data about available images used in the present work. 
Image combining
12 exposures in both colors were available for the closer galaxy 074-2237 and 4 exposures for the other two. To eliminate cosmic rays we combined these exposures using the STSDAS task combine with option crrej. This task also corrects the offsets of the images. We found the offsets to be typically much less than 1 pixel (0.1"). The images of the galaxies had much improved after combining, especially the image of the faintest galaxy 064-4412. In the left panels of Figs. 1-3 the images of the three galaxies after combination of exposures and cosmic ray removal are presented.
Adaptive filtering
To facilitate background estimation and further analysis we have used Richter's adaptive filter (Richter 1978 , Richter et al. 1991 to smooth down noises. The task adaptive has been developed in STSDAS package for this purpose. This task uses ff-transform to calculate the local signal-to-noise ratio at each point of the image as a function of decreasing resolution and determines the size of the impulse response of the filter at this point. Eventually, in places of high S/N ratio the task uses a smaller size of response and viceversa, leaving more sensitive parts like the bulges of galaxies almost unchanged while filtering thoroughly in regions of low signal. After trying several filter sizes we found that the best results were achieved using 11 pixels for the maximum filter size and setting the threshold parameter to 3.0 sigma. In the right hand panels of Figs. 1-3 the images of three galaxies after adaptive filtering are given.
A question arises whether filtering is a correct way of improving galactic images -this could distort the galaxy, smearing the outer parts of it over a large area. We compared the resulting profiles of filtered and unfiltered galaxies and discovered no evidence of this effect.
Background estimation
Two fundamentally different methods can be used for determining the background. In most cases, an average background is calculated statistically over an area that seems relatively object-free. In our case, the field was rather crowded, the S/N ratio was too low for statistical analysis and the background level was too high compared to the signal of galaxies. Therefore, we applied another methoddetermination of the background level from luminosity profiles. In the logarithmic scale, the luminosity profile is expected to decrease approximately linearly with radius at high radii (Binney & Merrifield 1998, p. 175-176) . Thus, if the luminosity profile decreases too fast or too slowly, the background has been over-or underestimated, respectively. This method also enables us to estimate uncertainties in background determination. For the three galaxies studied, background levels were (in WFPC2 intensity counts, see Figs. 1-3) 12.2 (I) and 21.0 (V) for the galaxy 074-2262, 6.5 (I) and 7.2 (V) for the galaxy 064-4412, 6.5 (7) and 7.5 (V) for the galaxy 094-2210. The estimated error is ±0.2 counts.
2.4· Isophote fitting
We used the STSDAS task ellipse for calculating isophotes. This task finds an azimuthally averaged intensity as a function of semimajor axis length using an iterative method (Jedrzejewski 1987) . However, since the noise was high and the images of galaxies consisted of a relatively small number of pixels, careful manual inspection was necessary before ellipse fitting. Any pixel not looking convincingly galactic, either a bad pixel not rejected before or some other object, had to be masked out. The fitting procedure still had to be guided manually in interactive mode, since the ellipse task often could not find a proper solution. The initial centers (X, Y) and semi-major axis lengths (a) of ellipses were given manually and the program calculated the position angle. For further calculations the center coordinates (X, Y) and the position angle were forced constant. To estimate and reduce uncertainties the whole fitting process was carried out several times for each of the galaxies. Scatter of small dots in Fig. 4 Fig. 4 . Observed surface brightness profiles of the galaxies. In central regions lower profile (crosses) for each galaxy is the observed light distribution, upper profile (pluses) is the light distribution after deconvolution with point-spread function.
Point-spread function
The PSF was deconvolved using Lucy-Richardson's algorithm. We used the Tiny Tim software package version 4.4 (Krist 1995) to construct the HST PSF within 2" -up to this radius the TinyTim model has a good accordance with the actual PSF . The selected galaxies were of low brightness and with radii less than 3", except for the 074-2237, thus we considered it unnecessary to go any further with the PSF construction. The final luminosity profile of each galaxy was combined of the deconvolved profile for central regions (< 2") and the adaptive filtered profile for the outer regions.
Flux calibration and k-correction
Before final calibration we estimated the corrections of the luminosity flux for geometrical distortion and the charge transfer efficiency (CTE) effect of the WFPC2 (Holtzman et al. 1995a ). The CTE problem, which is becoming an increasingly worrying problem of WFPC2 was negligible in our case due to the early time of the observations and the location of the galaxies on CCD frames. We added 2% to the signal to compensate for the geometric distortion of 064-4412 and 094-2210 and 1.5% in the case of 074-2237.
To calibrate the luminosity counts into UBVRI standard color magnitudes the technique described in Holtzman et al. 1995b (H95b) was used. For the filter F814W we used the flight photometric Eq. (8) and the coefficients from Table 7 Here GR is the gain ratio as defined in H95 and -0.1 corrects the formula for 1" radius aperture. V-I was calculated iteratively. Luminosity flux was corrected for the cosmological distortion according to the formula I = I • (1 + z) 4 . Following Burstein & Heiles (1984) , no correction for galactic absorption was necessary.
Usually the k-correction is calculated for the observed color. In our case such a correction would have been several magnitudes due to high redshifts and would have been an extra source of systematic errors. Therefore, we transformed the observational colors to such standard colors for which the correction would be minimal. For this we used the method described in van Dokkum L· Franx (1996) and Kelson et al. (2000) . Luckily, it turned out that at a redshift 2 = 0.15 a suitable transformation would be from V to Β, and for redshifts 0.9 and 0.99 from I to B, thus for further analysis we used V color observations for the galaxy 074-2237 and I color observations for the remaining two galaxies. For all three galaxies we used synthetic spectra of a Scd galaxy derived by Coleman et al. (1980) . Zero points relating AB magnitudes and Johnson-Cousins magnitudes were taken from Frei & Gunn (1994) . In this way the k-corrections can be calculated from the following formulas: 
RESULTS
Although several stellar populations can be discriminated in galaxies, due to lack of observational data it is suitable to limit here with the two main components -the bulge and the disk. Any other component (central nucleus, metal poor halo, thick disk) simply could not be derived from available photometric observations. Thus, in our photometrical model a galaxy is given as a superposition of the bulge and the disk. The density distribution of the bulge and the disk is approximated by an inhomogeneous ellipsoid of rotational symmetry with constant axial ratio e and the density distribution law
where p(0) = hM/(4πεαο) is the central density, a = ^/R 2 + z 2 /e 2 is the distance along the major axis, a c = kao is the core radius (aç> is the harmonic mean radius), h and k are normalizing parameters, depending on the parameter N, which allows to vary the density behavior with o. The definition of normalizing parameters and their calculation is described in Tenjes et al. (1994) , Appendix Β. A similar density distribution law for surface densities was introduced by Sersic (1968) , and independently for spatial densities by Einasto (1969) . This is a simple law allowing sufficiently precise numerical integration and has a minimum number of free parameters (two scale parameters and a density gradient parameter). The density distributions for the bulge and the disk were projected along the line of sight, divided by their mass-to-luminosity ratios / and their sum gives us the surface brightness distribution of the model where A is the major semiaxis of the equidensity ellipse of the projected light distribution, Ei are their apparent axial ratios E 2 = sin 2 i + e 2 cos 2 %. The angle between the plane of a galaxy and the line of sight is designated as i.
Model parameters ÜQ, e, LB and Ν for the bulge and the disk were determined by a subsequent least-square approximation process (the corresponding software package was kindly given to our disposal by Dr. U. Haud). First we made a crude estimation of the population parameters to avoid obviously nonphysical parameters -relations (1) and (2) are nonlinear and fitting of the model to observations is not a straightforward procedure. Next a mathematically correct solution for each galaxy was found. Calculated model parameters are presented in Table 3 .
074-2237
This is the nearest galaxy. In original CCD frames the galaxy is clearly seen. As the bulge of the galaxy is very small we classify the galaxy as Sc. Calculated from our model the total I luminosity was -17.95 which coincides well with the luminosity estimates by Vogt et al. (1996) -17.93 . After cosmological corrections the Β luminosity in the galactic rest frame is MB = -19.6 corresponding to LB = 1.1 · 10 10 LQ. The modeled B-band luminosity distribution compared to the observations is presented in Fig. 5 .
064-4412
This is the most distant galaxy. In the original CCD frames it is nearly invisible and can be more or less clearly detected only after combining 4 frames together. Even in a combined image the galaxy is faint -note that the central brightness is only 20 WFPC2 intensity units and the sky background 6.5 units. Calculated from corresponding to LB = 0.8-10 lo X Q · The modeled J3-band luminosity distribution compared to the observations is presented in Fig. 6 .
094-2210
This is also a quite distant galaxy. In the original CCD frames it is also nearly invisible and quite faint even in a combined image -the central brightness is 25 WFPC2 intensity units, the sky background is 6.5 units. Calculated from our model the total I luminosity was -21.48 which is close to the luminosity estimates by Vogt et al. (1996) -21.41 . After cosmological corrections the Β luminosity in the galactic rest frame is MB = -20.1 corresponding to Lb = 1.6 · 10
